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WX O1L SANDS, IONICLIGUID AND ORGANIC SDLYENT T0 CREATE A THREE-PHASE SYSTEM COMPRISING & TOP 201
PHASE OF BITUMEN ARD ORGANLC SDLVENT: A MIDDLE PHASE OF IONIC LIQUID, BITUMEN PARTICLES AMD 1/
MINERALS; AND A BOTIOM PHASE OF IONICHIQUID, SAND AND (LAY,

SEPARATE THE T0P PHASE, MIDOLE PHASE AND BOTYOM PHASE FOR FURTHER PROCESSING OR RECYNG. | /202

#

SEPARATE THE BITUMEN FROM THE ORGANEC SOLVENT [N THE TOP PHASE THROUGH DECANTATION, DISTILLATION, 203
EVAPORATION OR CENTRIFUGATION AND RECOVER THE BITUMEN. —

RETAIN OR RECYCLE THE MIDDLE PHASE BACK THROUGH THE PROCESS AND NIX WITH ADDITIONAL ORGANIC 204
SOLVERT, TONIC LIQULD AND OTL SANDS T0 ACHIEVE THREE-PHASE SEPARATION.

ADD WATER 0 THE BOTYOM PRASE T0 FORM A SOLUTION OF IOREC LIQUID, WATER ARD SUSPEHDED SAND AHD | - 205
(LAY PARTICLES, ~

]
REMOVE THE SAND AND (LAY FROM SUSPENSION. 206

SEPARATE THE WATER FROM THE IONIC LIGUID IN SDUUTION THROUGH DECARTATION, DISTILLATION, EVAPORATION § 207
OR CENTRIFUGATION. '

RECYCLE THE TONEC LIQUID BACK THROUGH THE PROCESS AND MIX WITH ADDITIONAL ORGANIC SOLVERT, IORIC - 208
LIGUID ARD DIt SANDS T0 ACHIEVE THREL-PHASE SEPARATION. -

(ONDENSE AND RECYCLE THE WATER BACK THROUGH THE PROCESS AND MIX WITH THE BOTION PRASE.

FIG. 2
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MEX OHL SANDS AND IONIC LIQUID 70 (REATEA FHREE PHASE SYSTEM (OMPRISING A TOP a0
PHASE OF BITUMEN; A MIDDLE PHASE OF IONIC LIQUID, BITHMEN AND a
INERALS; AND A BOTYOM PHASE OF IONEC LIQUID, SAND AND CLAY.

SEPARATE THE TOP PHASE, MIDDLE PHASE AND BOTION PHASE FOR FURTHER PROCESSING OR RECYCING, | 402

|

RETAIN OR RECYCLE THE MIDDLE PHASE BACK THROUGH THE PROCESS AD MIX WITH ADDITIONAL 403
SONICLIOUTD AND OIL SANDS TO ACHIEVE THREE-PHASE SEPARATION. o

ADD WATER TO THE BOTIOM PRASE T0 FORM A SOLUTION OF JONIC LIQUID, WATER AND SUSPENDED SAND AND | 404
(LAY PARTICLES. -

REMOVE THE SAND AND CLAY EROM SUSPENSIG. 405

SEPARATE THE WATER FROM THE IONIC LIGUID IN SDLUTION THROUGH DECANTATION, DISTILLATION, EVAPORATION A6
OR CENTRIFUGATION.

RECYCLE THE TONIC LIGUID BACK THROUGH THE PROCESS AND MIX WITH ADDITIONAL fHIC 407
LIQUIT AND OIL SANDS TO ACRIEVE THREE-PHASE SEPARATION. S

(ONDENSE AND RECYCLE THE WATER BACK THROUGH THE PROCESS AND MIXWITHTHEBOTIOM PHSE. b

HIG. 4
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MIX O1L SANDS, IOMIC LIQUID, WATER AND ORGANIC SOLVENT 10 CREATE A THREE-PRASE SYSTEM COMPRISING A}y
TOP PHASE OF RITUMEN AND ORGANIC SOLVENT: A NIDDLE PHASE OF I0NIC LIQUID, WATER, BITUMEN PARTICLES |/
AND MINERALS; AND A BOTTOM PRASE OF IONIC LIQUID, WATER, SAND AND W,

SEPARATE THE TOP PHASE, MIDDLE PHASE AND BOTIOM PHASE FOR FURTHER PROCESSING OR ReCvcuig. | 802

]

SEPARATE THE BITUMEN FROM THE ORGARIC SOLVENT IN THE TOP PHASE THROUGH DECANTATION, DISTILLATION, 1 403
EVAPORATION OR CENTRIFUGATION AND RECOVER THE BITUMEN. =

RETAIN OR RECYCLE THE MIDDLE PHASE BACK THROUGH THE PROCESS AND MLX WITH ADDITIGNAL ORGAMIC | 604
SOLVENT, JONICLIQUID AND O1L SANDS TO ACHEEVE THREE-PHASE SEPARATION. -

ADD WATER 10 THE BOTION PHASE T FURM A SOLUTION OF IONIC LIQUID, WATER AND SUSPENDED SAND AND | 605

CLAY PARTICLES. :
REMOVE THE SAKD AMD CLAY FROM SUSPENSION. 606
SEPRATETHEWATER FROMTHELONICLIOVED 1N SOLUTION THROUGH DECAVTATION, DISTLATION, BAPORATIN | 607
OR CRATRIFUGATION.
RECYCLETHEIOHIC LIGUID BACK THROIUGH THEPROCESS AND X WITH ADDITIONAL ORGANIC SOLYENT, 10MIC | g8
LIGUID AND O1L SANDS TO ACHIEVE THREE-PHAGE SEPARATION. »»
609

{ONDENSE AND RECYCLE THE WATER BACK THROUGH THE PROCESS AND MIX WITH THE BOTIOM PHASE. |/

FIG. 6
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ANALOGUE IONIC LIQUIDS FOR THE
SEPARATION AND RECOVERY OF
HYDROCARBONS FROM PARTICULATE
MATTER

CROSS REFERENCE TO RELATED
APPLCATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/252,523, filed Oct. 4, 2011, which is a
continuation-in-part of U.S. application Ser. No. 12/854,
553, entitled “SYSTEMS, METHODS AND COMPOSI-
TIONS FOR THE SEPARATION AND RECOVERY OF
HYDROCARBONS FROM PARTICULATE MATTER,”
filed on Aug. 11, 2010 which claims priority from U.S.
provisional application No. 61/236,405, entitled “METHOD
FOR RECOVERING BITUMEN FROM OIL SANDS,”
filed on Aug. 24, 2009, all of which are incorporated by
reference in their entirety, for all purposes, herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

This invention was made with government support under
Contract No. DMR1045998, awarded by the National Sci-
ence Foundation. The Government has certain rights in the
invention.

FIELD OF TECHNOLOGY

The present application is directed to systems, methods
and compositions for the separation and recovery of hydro-
carbons from particulate matter. More specifically, the pres-
ent application is directed to analogue ionic liquids for the
separation and recovery of hydrocarbons from particulate
matter.

BACKGROUND

Oil sands, also referred to as tar sands, contain a signifi-
cant quantity of the world’s known oil reserves. Large
deposits of oil sands are found in Canada, Venezuela and in
the United States in eastern Utah. Oil sands are a complex
mixture of sands, clays, water and viscous hydrocarbon
compounds, known as bitumen. Typically, the extraction and
separation of bitumen from oil sands involves the use of
significant amounts of energy and heated water. Approxi-
mately 19 barrels of water are required for every barrel of oil
produced. Water, sodium hydroxide (NaOH) and other addi-
tives are mixed with the oil sands to form a slurry. The
NaOH releases surfactants from the oil sands and improves
bitumen recovery. The slurry is conditioned by mixing
and/or shearing the slurry to detach bitumen from the oil
sands particles. Bitumen is separated from water by aeration
to form an oil containing froth that can be skimmed off the
surface of the water. The remaining process water is a
complex mixture of alkaline water, dissolved salts, minerals,
residual bitumen, surfactants released from the bitumen and
other materials used in processing. Additional processing of
the water is required to remove residual bitumen

The process water is ultimately stored in tailing ponds and
is acutely toxic to aquatic life. The process water recycled
from tailings ponds causes scaling and corrosion problems
that often adversely affect the optimum recovery of bitumen.
In addition, very fine mineral particles such as clays are
co-extracted with the bitumen and must be removed in
subsequent processing steps that ultimately reduce the yield
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of bitumen. Although a large proportion of the water used in
the process (about 16 barrels) is now recycled from tailing
ponds, the production of each barrel of oil still requires
importing an additional 3 barrels of fresh water. The neces-
sity of large quantities of water has prevented the recovery
of bitumen deposits from oils sands in arid areas such as
Utah.

Several other related scenarios require the removal of oil
from sand or solid particles in oil and gas operations. For
example, heavy oil (e.g., between 10° and 20° API gravity)
is also found in sand deposits, particularly in Venezuela and
Canada. Recovery of heavy oil from sand typically involves
expensive thermal methods such as, steam injection. A
technique widely used in Canada called cold heavy oil
production with sand (CHOPS) has also been used to
separate heavy oil from sand. CHOPS involves the continu-
ous production of sand and oil, which presents separation
and disposal constraints.

During drilling operations drilling fluids used to cool and
clean the drill bit become contaminated with formation
cuttings. Formation cuttings must be removed from the
drilling fluid before reuse of drilling fluid. During produc-
tion operations, crude oil produced from unconsolidated
formations can also contain sand including mixtures of
various minerals and silt that require removal prior to
processing the oil. The oil coated sand must also be cleaned
before disposal or re-depositing.

An increase in offshore drilling operations has also
increased the risk of coastal communities and beaches being
exposed to crude oil produced from offshore oil rigs. As
described above, current methods for the removal of oil from
sand require large quantities of water and energy. Physical
methods for removing oil from beach sand including the use
of'shovels, cleaning forks and lift and screen systems require
large amounts of labor and do not efficiently remove all the
decontaminate from the sand.

In view of the foregoing, there is a need in the field of art
for improved systems, methods and compositions for the
separation and recovery of hydrocarbons from particulate
matter.

SUMMARY

Systems, methods and compositions for the separation
and recovery of hydrocarbons from particulate matter are
herein disclosed. According to one embodiment, a method
includes contacting particulate matter with at least one
analogue ionic liquid. The particulate matter contains at least
one hydrocarbon and at least one solid particulate. When the
particulate matter is contacted with the analogue ionic
liquid, the hydrocarbon dissociates from the solid particulate
to form a multiphase system.

The foregoing and other objects, features and advantages
of the present disclosure will become more readily apparent
from the following detailed description of exemplary
embodiments as disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present application are described, by
way of example only, with reference to the attached Figures,
wherein:

FIG. 1 illustrates an exemplary system for recovering
bitumen from oil sands according to one embodiment;

FIG. 2 illustrates a flow chart of an exemplary process for
recovering bitumen from oil sands according to one embodi-
ment;
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FIG. 3 illustrates an exemplary system for recovering
bitumen from oil sands according to another embodiment;

FIG. 4 illustrates a flow chart of an exemplary process for
recovering bitumen from oil sands according to another
embodiment;

FIG. 5 illustrates an exemplary system for recovering
bitumen from oil sands according to another embodiment;

FIG. 6 illustrates a flow chart of an exemplary process for
recovering bitumen from oil sands according to another
embodiment;

FIG. 7 illustrates an exemplary three-phase system
formed from mixing oil sands and ionic liquid according to
one embodiment;

FIG. 8 illustrates a comparative example of bitumen
encrusted minerals;

FIG. 9 illustrates exemplary three-phase systems formed
from mixing oil sands, ionic liquid and organic solvent
according to one embodiment;

FIG. 10 illustrates an exemplary infrared spectra of
medium grade Canadian oil sands and component parts
thereof before and after separation of bitumen;

FIG. 11 illustrates an exemplary infrared spectra of low-
grade oil sands and medium-grade oil sands after separation
of bitumen;

FIG. 12 illustrates exemplary three-phase systems formed
from mixing an exemplary separating composition and
toluene with low-grade and medium-grade oil sands accord-
ing to one embodiment;

FIG. 13 illustrates the infrared spectra of extracted bitu-
men and residual sand obtained in the separation of low-
grade oil sands using an exemplary separating composition
according to one embodiment;

FIG. 14 illustrates an exemplary three-phase system
formed from mixing ionic liquid, organic solvent and con-
taminated sand according to one embodiment;

FIG. 15 illustrates the infrared spectra of contaminated
drill cuttings and component parts thereof before and after
separation of oil;

FIG. 16 illustrates exemplary and comparative multi-
phase systems formed from mixing exemplary and com-
parative separation solutions with tar balls according to one
embodiment;

FIG. 17 illustrates tar contaminated sand prior to separa-
tion and sand free of tar contamination after separation with
the use of an exemplary ionic liquid;

FIG. 18 illustrates comparative systems formed from
mixing Canadian tar sands with comparative additive solu-
tions;

FIG. 19 illustrates comparative systems formed from
mixing Canadian tar sands with other comparative additive
solutions;

FIG. 20 illustrates a comparative system formed from
mixing Canadian tar sands with another comparative addi-
tive solution;

FIG. 21 illustrates an exemplary multi-phase system
formed from mixing Canadian tar sands with an exemplary
analogue ionic liquid according to one embodiment;

FIG. 22 illustrates an exemplary multi-phase system
formed from mixing Canadian tar sands with an exemplary
analogue ionic liquid according to another embodiment;

FIG. 23 illustrates exemplary three-phase systems formed
from centrifuging components of the exemplary multi-phase
system shown in FIG. 22;

FIG. 24 illustrates infra red spectra of the top hydrocarbon
phase and the bottom mineral phase of the exemplary
three-phase systems shown in FIG. 23;

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 25 illustrates tailing pond material before and after
separation with the use of an exemplary ionic liquid accord-
ing to one embodiment;

FIG. 26 illustrates tailing pond material before and after
separation with the use of exemplary analogue ionic liquids
according to one embodiment;

FIG. 27 illustrates concentrated tailing pond material
before and after separation with the use of an exemplary
analogue ionic liquid according to another embodiment;

FIG. 28 illustrates an exemplary three phase system
formed from mixing an exemplary analogue ionic liquid
with Canadian tar sands and tailing pond material according
to one embodiment;

FIG. 29 illustrates an exemplary three phase system
formed from mixing an exemplary analogue ionic liquid
with Canadian tar sands according to another embodiment;
and

FIG. 30 illustrates an exemplary system for recovering
hydrocarbons from particulate matter with the use of the
exemplary ionic liquids or analogue ionic liquids according
to one embodiment.

DETAILED DESCRIPTION

It will be appreciated that for simplicity and clarity of
illustration, where considered appropriate, reference numer-
als may be repeated among the figures to indicate corre-
sponding or analogous elements. In addition, numerous
specific details are set forth in order to provide a thorough
understanding of the example embodiments described
herein. However, it will be understood by those of ordinary
skill in the art that the example embodiments described
herein may be practiced without these specific details. In
other instances, methods, procedures and components have
not been described in detail so as not to obscure the
embodiments described herein. The terms oil sands and tar
sands are used interchangeably throughout this disclosure.

Systems, methods and compositions for the separation
and recovery of hydrocarbons from particulate matter are
herein disclosed. One or more ionic liquids or analogue ionic
liquids herein disclosed can be mixed with or otherwise
placed in contact with particulate matter comprising at least
one hydrocarbon and at least one solid particulate. When
contacted with an ionic liquid or analogue ionic liquid, the
hydrocarbon separates or dissociates from the solid particu-
late. The particulate matter can include, but is not limited to
the following: oil sands, drilling fluid containing drill cut-
tings, tailing pond material, crude oil containing sand, beach
sand contaminated with oil, oil sludge, any hydrocarbon
containing sand, soil, rock, silt, clay or other solid particu-
late or any hydrocarbon contained within sand, soil, rock,
silt, clay or other solid particulate.

The ionic liquids disclosed herein are thermally stable,
chemically stable, have negligible vapor pressure, and are
soluble in water and insoluble in organic solvents, such as
non-polar hydrocarbon solvents. The ionic liquids substan-
tially degrade into a corresponding amino acid at room
temperature when reacted with hydrogen peroxide and ions,
such as iron ions. Therefore, the ionic liquids can be
contained or reacted into innocuous amino acids if they are
inadvertently or deliberately released into the environment.
The ionic liquids can include at least one compound formed
from imidazolium cations and at least one anion. The ionic
liquids can include at least one compound including, but not
limited to: 1-butyl-2,3-dimethyl-imidazolium; borontetra-
fluoride; 1-butyl-2,3-dimethyl-imidazolium; trifluoro-meth-
anesulfonate; 1-butyl-3-methyl-imidazolium; trifluorometh-
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ane sulfonate; 1-butyl-3-methyl-imidazolium chloride;
1-ethyl-3-methyl-imidazolium chloride; tetraalkyl ammo-
nium salts; pyrrolidinium based salts or any other ionic
liquid that is soluble in water and insoluble in non-polar
organic solvents.

The ionic liquids disclosed herein are used to separate
particulate matter at relatively low temperatures of below
100° C., preferably below 50° C. and more preferably 25° C.
and lower. Optionally, the separation temperature can be
raised to lower the viscosity of the hydrocarbon being
separated and aid in separation from particulate material.
The separation temperature can be raised by any heating
means including electric heating means, electromagnetic
heating means, microwave heating means or other heating
means.

One or more analogue ionic liquids herein disclosed can
also be mixed with or otherwise placed in contact with
particulate matter comprising at least one hydrocarbon and
at least one solid particulate to effect separation of the
hydrocarbon from the solid particulate. When contacted
with the analogue ionic liquids, the hydrocarbon separates or
dissociates from the solid particulate. This separation is
promoted by the presence of an organic solvent, particularly
if the hydrocarbon to be separated is highly viscous.
Examples of such viscous hydrocarbons are bitumen and tar.
The particulate matter can include, but is not limited to the
following: oil sands, drilling fluid containing drill cuttings,
tailing pond material, crude oil containing sand, beach sand
contaminated with oil, oil sludge, any hydrocarbon contain-
ing sand, soil, rock, silt, clay or other solid particulate or any
hydrocarbon contained within sand, soil, rock, silt, clay or
other solid particulate.

Analogue ionic liquids herein disclosed are relatively
non-toxic and biodegradable. Analogue ionic liquids herein
disclosed include at least two components. The analogue
ionic liquids have melting temperatures that are significantly
less than the melting temperature of the components making
up the analogue ionic liquids. Analogue ionic liquids can
include, but are not limited to at least two components
selected from the following components: tetralkyl ammo-
nium salts, urea, carboxylic acids, glycerol, metal salts,
water, fructose, sucrose, glucose, organic halide salts and
organic hydrogen bond donors.

The tetralkyl ammonium salts can include, but are not
limited to 2-hydroxyethyl(trimethyl) ammonium chloride
(choline chloride), 2-hydroxyethyl(trimethyl) ammonium
bromide, 2-hydroxyethyl(triethyl) ammonium chloride,
2-hydroxyethyl(trimethyl) ammonium tetraffuoroborate.

The organic halide salts can include, but are not limited to
methyl triphenyl phosphonium bromide.

The organic hydrogen bond donors can include, but are
not limited to glycerol, ethylene glycol, or triethylene gly-
col.

An organic solvent and/or water can also be added to or
mixed with the ionic liquid or analogue ionic liquid and the
particulate matter to obtain optimal separation of hydrocar-
bon from the solid particulate. The organic solvent lowers
the viscosity of the hydrocarbon and aids in the separation
from the solid particulate. The organic solvents herein
disclosed dissolve non-polar hydrocarbons such as bitumen,
oil or drilling fluid and are immiscible with the ionic liquids
disclosed above. The organic solvent can include, but is not
limited to at least one of the following compounds: toluene,
naphtha, hexane, kerosene, paraffinic solvents or any other
non-polar hydrocarbon solvent that dissolves the hydrocar-
bon and is immiscible with the ionic liquid.
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FIG. 1 illustrates an exemplary system for recovering
bitumen from oil sands 102 according to one embodiment.
Oil sands 102 can include sand, clay, other minerals, and
bitumen. The oil sands 102 are mixed with an organic
solvent 104 and an ionic liquid 106 in a primary mixing
vessel 100. The primary mixing vessel 100 can be any vessel
known in the art for mixing or containing liquids, solids or
slurries. When mixed with the organic solvent 104 and the
ionic liquid 106, the bitumen is separated from the oil sands
102 and a three-phase system including a top phase, middle
phase and bottom phase is formed.

The bottom phase 110 consists of ionic liquid 106 with
suspended sand and clay. The middle phase 109 consists of
ionic liquid 106 with small amounts of dissolved or sus-
pended bitumen particles and mineral fines. The top phase
108 consists of organic solvent 104 and bitumen. The
bottom phase 110, the middle phase 109 and the top phase
108 can be drained from the primary mixing vessel 100 for
further processing and/or recycling through the system.

The bitumen in the top phase 108 can be recovered after
separating or evaporating the organic solvent 104 from the
bitumen in a primary separator 122. The primary separator
122 can be a decanter, distillation column, pressure separa-
tor, centrifuge, open tank, hydroclone, settling chamber or
other separator known in the art for separating mixtures. The
organic solvent 104 can be condensed, recycled to the
primary mixing vessel 100 and mixed with additional oil
sands 102, organic solvent 104 and ionic liquid 106 to
achieve three-phase separation.

The middle phase 109 and substantially all of the ionic
liquid 106 introduced into the system can be retained in the
mixing vessel 100. In this way, the ionic liquid 106 in the
middle phase 109 is not moved throughout the system. If
removed for additional processing, the middle phase 109 can
be recycled to the primary mixing vessel 100 and mixed with
additional oil sands 102, organic solvent 104 and ionic liquid
106 to achieve three-phase separation. The concentration of
bitumen within the middle phase 109 is expected to reach
equilibrium and therefore will not accumulate. If necessary,
organic solvent 104 can be added to the middle phase 109 in
an additional processing step to separate any entrained or
suspended bitumen from the ionic liquid 106 before the
ionic liquid 106 is recycled to the primary mixing vessel
100.

The bottom phase 110 consisting of ionic liquid 106 with
suspended sand and clay can be fed into a secondary mixing
vessel 118 and mixed with water to form a solution of ionic
liquid 106, water, and suspended sand and clay particles.
The mixing vessel 118 can be any vessel known in the art for
mixing or containing liquids, solids or slurries. The sand and
clay can be filtered from the ionic liquid and water. The ionic
liquid 106 can be recovered after separating or evaporating
the water in a secondary separator 120. The separator 120
can be a decanter, distillation column, pressure separator,
centrifuge, open tank or other separator known in the art for
separating mixtures. After separation and/or evaporation, the
water can be condensed before it is recycled to the secondary
mixing vessel 118. The ionic liquid 106 can be recycled to
the primary mixing vessel 100 and mixed with additional oil
sands 102, organic solvent 104 and ionic liquid 106 to
achieve three-phase separation.

The exemplary system for recovering bitumen from oil
sands illustrated in FIG. 1 can also be used to separate other
particulate matter including, but not limited to the following:
oil sands, drilling fluid containing drill cuttings, crude oil
containing sand, beach sand contaminated with oil, oil
sludge, any hydrocarbon containing sand, soil, rock, silt,
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clay or other solid particulate or any hydrocarbon contained
within sand, soil, rock, silt, clay or other solid particulate.
The ionic liquid 106 and organic solvent 104 can be mixed
with or otherwise placed in contact with the particulate
matter to separate or dissociate the hydrocarbon from the
solid particulate and recover the hydrocarbon as described
above.

FIG. 2 illustrates a flow chart of an exemplary process for
recovering bitumen from oil sands according to one embodi-
ment. The oil sands are mixed with an organic solvent and
an ionic liquid at step 201 to form a three-phase system
including a top phase, middle phase and bottom phase. The
top phase consists of organic solvent and bitumen. The
middle phase consists of ionic liquid with small amounts of
dissolved bitumen particles and mineral fines. The bottom
phase consists of ionic liquid with suspended sand and clay.
The top phase, middle phase and bottom phase may be
separated at step 202 for further processing or recycling
back through the process.

At step 203, the bitumen and the organic solvent in the top
phase are separated through decantation, distillation, evapo-
ration or centrifugation and the bitumen is recovered. The
organic solvent can be condensed, recycled and mixed with
additional oil sands, organic solvent and ionic liquid to
achieve three-phase separation.

At step 204, the middle phase is recycled and mixed with
additional organic solvent, ionic liquid and oil sands to
achieve three-phase separation. Optionally, the middle phase
and/or substantially all of the ionic liquid can be retained in
a primary mixing vessel within which the original oil sands,
organic solvent and ionic liquid are mixed.

At step 205, water is added to the bottom phase to form
a solution of water, ionic liquid and suspended sand and clay
particles. The sand and clay is removed from suspension at
step 206 through filtration. At step 207, the water is sepa-
rated from the ionic liquid through decantation, distillation,
evaporation or centrifugation and the ionic liquid is recov-
ered. At step 208 the ionic liquid is recycled and mixed with
additional organic solvent, ionic liquid and oil sands to
achieve three-phase separation. The water can be condensed,
recycled and mixed with the bottom phase at step 209 to
separate additional ionic liquid from sand and clay.

The exemplary process for recovering bitumen from oil
sands illustrated in FIG. 2 can also be used to separate other
particulate matter including, but not limited to the following:
oil sands, drilling fluid containing drill cuttings, crude oil
containing sand, beach sand contaminated with oil, oil
sludge, any hydrocarbon containing sand, soil, rock, silt,
clay or other solid particulate or any hydrocarbon contained
within sand, soil, rock, silt, clay or other solid particulate.
The ionic liquid and organic solvent can be mixed with or
otherwise placed in contact with the particulate matter to
separate the hydrocarbon from the solid particulate and
recover the hydrocarbon as described above.

FIG. 3 illustrates an exemplary system for recovering
bitumen from oil sands 302 according to another embodi-
ment. Oil sands 302 can include sand, clay, other minerals,
and bitumen. The oil sands 302 are mixed with an ionic
liquid 306 in a primary mixing vessel 300. The primary
mixing vessel 300 can be any vessel known in the art for
mixing or containing liquids, solids or slurries. When mixed
with the ionic liquid 306, the bitumen is separated from the
oil sands 302 and a three-phase system including a top
phase, middle phase and bottom phase is formed. The
bottom phase 310 consists of ionic liquid 306, sand and clay
slurry. The middle phase 309 consists of ionic liquid 306,
with some bitumen and minerals. The top phase 308 consists
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of' bitumen. The bottom phase 310, the middle phase 309 and
the top phase 308 can be drained from the primary mixing
vessel 300 and the bitumen can be recovered.

The middle phase 309 and substantially all of the ionic
liquid 306 introduced into the system can be retained in bulk
in the mixing vessel 300. In this way, the ionic liquid 306 in
the middle phase 309 is not moved throughout the system.
If removed for additional processing, the middle phase 309
can be recycled to the primary mixing vessel 300 and mixed
with additional oil sands 302 and ionic liquid 306 to achieve
three-phase separation. The bitumen within the recycled
middle phase 309 is expected to reach equilibrium and
therefore will not accumulate.

The bottom phase 310 containing ionic liquid 106, sand
and clay slurry can be fed into a secondary mixing vessel
318 and mixed with water to form a solution of ionic liquid
306, water, and suspended sand and clay particles. The
mixing vessel 318 can be any vessel known in the art for
mixing or containing liquids, solids or slurries. The sand and
clay can be filtered from the ionic liquid and water. The ionic
liquid 306 can be recovered by separating and/or evaporat-
ing the water in a secondary separator 320. The separator
320 can be a decanter, distillation column, pressure separa-
tor, centrifuge, open tank hydroclone, settling chamber or
other separator known in the art for separating mixtures.
After separation and/or evaporation, the water can be con-
densed before it is recycled to the secondary mixing vessel
318. The ionic liquid 306 can be recycled to the primary
mixing vessel 300 and mixed with additional oil sands 302
and ionic liquid 306 to achieve three-phase separation.

The exemplary system for recovering bitumen from oil
sands illustrated in FIG. 3 can also be used to separate other
particulate matter including, but not limited to the following:
oil sands, drilling fluid containing drill cuttings, crude oil
containing sand, beach sand contaminated with oil, oil
sludge, any hydrocarbon containing sand, soil, rock, silt,
clay or other solid particulate or any hydrocarbon contained
within sand, soil, rock, silt, clay or other solid particulate.
The ionic liquid 306 can be mixed with or otherwise placed
in contact with the particulate matter to separate or disso-
ciate the hydrocarbon from the solid particulate and recover
the hydrocarbon as described above.

FIG. 4 illustrates a flow chart of an exemplary process for
recovering bitumen from oil sands according to another
embodiment. The oil sands are mixed with an ionic liquid at
step 401 to form a three-phase system including a top phase,
middle phase and bottom phase. The top phase consists of
bitumen. The middle phase consists of ionic liquid, with
some bitumen and minerals. The bottom phase is ionic
liquid, sand and clay slurry. The top phase, middle phase and
bottom phase can be separated at step 402 for further
processing or recycling back through the process.

At step 403, the middle phase is recycled and mixed with
additional ionic liquid and oil sands to achieve three-phase
separation. Optionally, the middle phase and/or substantially
all of the ionic liquid can be retained in a primary mixing
vessel within which the original oil sands and ionic liquid
are mixed.

At step 404, water is added to the bottom phase to form
a solution of water, ionic liquid and suspended sand and clay
particles. The sand and clay is removed from the solution at
step 405 through filtration. At step 406, the water is sepa-
rated from the ionic liquid through decantation, distillation,
evaporation or centrifugation and the ionic liquid is recov-
ered. At step 407 the ionic liquid is recycled and mixed with
additional ionic liquid and oil sands to achieve three-phase
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separation. The water can be condensed, recycled and mixed
with the bottom phase at step 408 to separate additional ionic
liquid from sand and clay.

The exemplary process for recovering bitumen from oil
sands illustrated in FIG. 4 can also be used to separate other
particulate matter including, but not limited to the following:
oil sands, drilling fluid containing drill cuttings, crude oil
containing sand, beach sand contaminated with oil, oil
sludge, any hydrocarbon containing sand, soil, rock, silt,
clay or other solid particulate or any hydrocarbon contained
within sand, soil, rock, silt, clay or other solid particulate.
The ionic liquid can be mixed with or otherwise placed in
contact with the particulate matter to separate or dissociate
the hydrocarbon from the solid particulate and recover the
hydrocarbon as described above.

FIG. 5 illustrates an exemplary system for recovering
bitumen from oil sands according to another embodiment.
Oil sands 502 can include sand, clay, other minerals, and
bitumen. The oil sands 502 are mixed with or otherwise
placed in contact with an ionic liquid 506, water and
optionally an organic solvent 504 in a primary mixing vessel
500 or other separation vessel or column. The primary
mixing vessel 500 can be any vessel known in the art for
mixing or containing liquids, solids or slurries.

The water may be present within the oil sands in order to
economically transport or pump the oil sands to the process
facility. Water may also be added to the system to dilute the
ionic liquid and reduce cost. When mixed with the organic
solvent 504, ionic liquid 506 and water, the bitumen is
separated from the oil sands 502 and a three-phase system
including a top phase, middle phase and bottom phase is
formed. The bottom phase 510 consists of ionic liquid 506,
water and suspended sand and clay. The middle phase 509
consists of ionic liquid 506, water and small amounts of
dissolved or suspended bitumen particles and mineral fines.
The top phase 508 consists of organic solvent 504 and
bitumen. The bottom phase 510, the middle phase 509 and
the top phase 508 can be drained from the primary mixing
vessel 500 for further processing and/or recycling through
the system.

The bitumen in the top phase 508 can be recovered after
separating or evaporating the organic solvent 504 from the
bitumen in a primary separator 522. The primary separator
522 can be a decanter, distillation column, pressure separa-
tor, centrifuge, open tank, hydroclone, settling chamber or
other separator known in the art for separating mixtures. The
organic solvent 504 can be condensed, recycled to the
primary mixing vessel 500 and mixed with additional oil
sands 502, organic solvent 504 and ionic liquid 506 to
achieve three-phase separation.

The middle phase 509 and substantially all of the ionic
liquid 506 introduced into the system can be retained in the
mixing vessel 500. In this way, the ionic liquid 506 in the
middle phase 509 is not moved throughout the system. If
removed for additional processing, the middle phase 509 can
be recycled to the primary mixing vessel 500 and mixed with
additional oil sands 502, organic solvent 504 and ionic liquid
506 to achieve three-phase separation. The concentration of
bitumen within the middle phase 509 is expected to reach
equilibrium and therefore will not accumulate. If necessary,
organic solvent 504 can be added to the middle phase 509 in
an additional processing step to separate any entrained or
suspended bitumen from the ionic liquid 506 before the
ionic liquid 506 is processed and/or recycled to the primary
mixing vessel 500.

The bottom phase 510 consisting of ionic liquid 506,
water and suspended sand and clay can be fed into a

15

20

30

35

40

45

50

55

65

10

secondary mixing vessel 518 and mixed with additional
water (if necessary) to form a solution of ionic liquid 506,
water, and suspended sand and clay particles. The mixing
vessel 518 can be any vessel known in the art for mixing or
containing liquids, solids or slurries. The sand and clay can
be filtered from the ionic liquid and water. The ionic liquid
506 can be recovered after separating or evaporating the
water in a secondary separator 520. The separator 520 can be
a decanter, distillation column, pressure separator, centri-
fuge, open tank or other separator known in the art for
separating mixtures. After separation and/or evaporation, the
water can be condensed before it is recycled to the secondary
mixing vessel 518 or primary mixing vessel 500. The ionic
liquid 506 can be recycled to the primary mixing vessel 500
and mixed with additional oil sands 502, organic solvent 504
and ionic liquid 506 to achieve three-phase separation.

The exemplary system for recovering bitumen from oil
sands illustrated in FIG. 5 can also be used to separate other
particulate matter including, but not limited to the following:
oil sands, drilling fluid containing drill cuttings, crude oil
containing sand, beach sand contaminated with oil, oil
sludge, any hydrocarbon containing sand, soil, rock, silt,
clay or other solid particulate or any hydrocarbon contained
within sand, soil, rock, silt, clay or other solid particulate.
The ionic liquid 506, water and optionally organic solvent
504 can be mixed with or otherwise placed in contact with
the particulate matter to separate or dissociate the hydrocar-
bon from the solid particulate and recover the hydrocarbon
as described above.

FIG. 6 illustrates a flow chart of an exemplary process for
recovering bitumen from oil sands according to one embodi-
ment. The oil sands are mixed with an organic solvent, an
ionic liquid and water at step 601 to form a three-phase
system including a top phase, middle phase and bottom
phase. The top phase consists of organic solvent and bitu-
men. The middle phase consists of ionic liquid, water and
small amounts of dissolved bitumen particles and mineral
fines. The bottom phase consists of water, ionic liquid and
suspended sand and clay. The top phase, middle phase and
bottom phase may be separated at step 602 for further
processing or recycling back through the process.

At step 603, the bitumen and the organic solvent in the top
phase are separated through decantation, distillation, evapo-
ration or centrifugation and the bitumen is recovered. The
organic solvent can be condensed, recycled and mixed with
additional oil sands, organic solvent and ionic liquid to
achieve three-phase separation.

At step 604, the middle phase is recycled and mixed with
additional organic solvent, ionic liquid and oil sands to
achieve three-phase separation. Optionally, the middle phase
and/or substantially all of the ionic liquid can be retained in
a primary mixing vessel within which the original oil sands,
organic solvent, ionic liquid and water are mixed.

At step 605, water is added to the bottom phase to form
a solution of water, ionic liquid and suspended sand and clay
particles. The sand and clay is removed from suspension at
step 606 through filtration. At step 607, the water is sepa-
rated from the ionic liquid through decantation, distillation,
evaporation or centrifugation and the ionic liquid is recov-
ered. At step 608 the ionic liquid is recycled and mixed with
additional organic solvent, ionic liquid and oil sands to
achieve three-phase separation. The water can be condensed,
recycled and mixed with the bottom phase at step 609 to
separate additional ionic liquid from sand and clay.

The exemplary process for recovering bitumen from oil
sands illustrated in FIG. 6 can also be used to separate other
particulate matter including, but not limited to the following:
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oil sands, drilling fluid containing drill cuttings, tailing pond
material, crude oil containing sand, beach sand contami-
nated with oil, oil sludge, any hydrocarbon containing sand,
soil, rock, silt, clay or other solid particulate or any hydro-
carbon contained within sand, soil, rock, silt, clay or other
solid particulate. The ionic liquid, water and optionally
organic solvent can be mixed with or otherwise placed in
contact with particulate matter to separate or dissociate the
hydrocarbon from the solid particulate and recover the
hydrocarbon as described above.

One or more analogue ionic liquids herein disclosed can
also be mixed with or otherwise placed in contact with
particulate matter comprising at least one hydrocarbon and
at least one solid particulate to effect separation of the
hydrocarbon from the solid particulate. When contacted
with the analogue ionic liquids, the hydrocarbon separates or
dissociates from the solid particulate. This separation is
promoted by the presence of an organic solvent, particularly
if the hydrocarbon to be separated is highly viscous.
Examples of such viscous hydrocarbons are bitumen and tar.
The particulate matter can include, but is not limited to the
following: oil sands, drilling fluid containing drill cuttings,
tailing pond material, crude oil containing sand, beach sand
contaminated with oil, oil sludge, any hydrocarbon contain-
ing sand, soil, rock, silt, clay or other solid particulate or any
hydrocarbon contained within sand, soil, rock, silt, clay or
other solid particulate.

Analogue ionic liquids herein disclosed include at least
two components. The analogue ionic liquids have melting
temperatures that are significantly less than the melting
temperature of the components making up the analogue
ionic liquids. Analogue ionic liquids can include, but are not
limited to at least two components selected from the fol-
lowing components: tetralkyl ammonium salts, urea, car-
boxylic acids, glycerol, metal salts, water, fructose, sucrose,
glucose, organic halide salts and organic hydrogen bond
donors.

The tetralkyl ammonium salts can include, but are not
limited to 2-hydroxyethyl(trimethyl) ammonium chloride
(choline chloride), 2-hydroxyethyl(trimethyl) ammonium
bromide, 2-hydroxyethyl(triethyl) ammonium chloride,
2-hydroxyethyl(trimethyl) ammonium tetraffuoroborate.

The organic halide salts can include, but are not limited to
methyl triphenyl phosphonium bromide.

The organic hydrogen bond donors can include, but are
not limited to glycerol, ethylene glycol, or triethylene gly-
col.

In an exemplary embodiment, the analogue ionic liquid
includes choline chloride and urea. In another exemplary
embodiment, the analogue ionic liquid includes urea and
choline chloride present at a molar ratio of 2:1 urea to
choline chloride.

In yet another exemplary embodiment, the analogue ionic
liquid includes a concentrated solution of choline chloride in
water. In yet another exemplary embodiment, the analogue
ionic liquid includes an 80% mixture of choline chloride
with 20% water, by weight.

The analogue ionic liquid herein disclosed can be used
instead of or in combination with the ionic liquids herein
disclosed in any of the exemplary systems or processes
described with respect to FIGS. 1-6. The analogue ionic
liquid can also be used to separate other particulate matter
including, but not limited to the following: oil sands, drilling
fluid containing drill cuttings, tailing pond material; crude
oil containing sand, beach sand contaminated with oil, oil
sludge, any hydrocarbon containing sand, soil, rock, silt,
clay or other solid particulate or any hydrocarbon contained
within sand, soil, rock, silt, clay or other solid particulate.
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The analogue ionic liquid, water and optionally organic
solvent can be mixed with or otherwise placed in contact
with the particulate matter to separate or dissociate one or
more hydrocarbons from solid particulate for recovery as
described with respect to FIGS. 1-6.

EXAMPLES

The following examples are provided to illustrate the
exemplary methods for recovering hydrocarbons from par-
ticulate matter as herein disclosed. The examples are not
intended to limit the scope of the present disclosure and they
should not be so interpreted.

In Examples 1-5 and Comparative Example 1, medium-
grade Canadian oil sands comprising 10 weight percent
bitumen was purchased from the Alberta Research Council
and used in separation experiments described below.

Example 1

The ionic liquid 1-butyl-2,3-dimethyl-imidazolium
borontetrafiuoride was mixed with oil sands at 50° C. A
three-phase system was formed. The top phase consisted of
bitumen. The middle phase consisted of 1-butyl-2,3-dim-
ethyl-imidazolium borontetrafluoride, suspended minerals
and bitumen. The bottom phase consisted of a slurry of
1-butyl-2,3-dimethyl-imidazolium borontetrafiuoride, sand
and clay.

FIG. 7 illustrates the three-phase system formed from
mixing 1-butyl-2,3-dimethyl-imidazolium borontetrafluo-
ride with oil sands at 50° C. It is a surprising and unexpected
result that a highly polar ionic liquid that is immiscible with
non-polar hydrocarbons, such as bitumen, toluene and naph-
tha would be suitable for separating bitumen from sand. It is
also unexpected that 1-butyl-2,3-dimethyl-imidazolium
borontetrafluoride would separate bitumen from sand at a
low temperature of 50° C. or less. It was also observed that
a two-phase mixture including a viscous top layer and
bottom layer is formed when relatively smaller amounts of
ionic liquid are used. The viscous top layer of the two-phase
system consisted of bitumen and the bottom layer consisted
of ionic liquid, suspended mineral particles and residual
bitumen.

Comparative Example 1

The ionic liquid 1-butyl-3-methyl imidazolium trifluoro-
methanesulfonate was mixed with oil sands. The ionic liquid
did not separate bitumen from the oil sands, but instead
resulted in the formation of agglomerated, spherical, black
balls of bitumen-encrusted minerals illustrated in FIG. 8.
However, as illustrated in Examples 4 and 6, when an
organic solvent is added in - combination with 1-butyl-3-
methyl imidazolium trifluoro-methanesulfonate a clean
separation of bitumen from oil sands is unexpectedly
achieved.

Example 2

A composition of 50 weight percent of the ionic liquid
1-butyl-2,3-dimethyl-imidazolium borontetrafluoride, 33.3
weight percent toluene and 16.7 weight percent oil sands
was mixed at temperatures between 50° C. and 60° C. A
three-phase system was formed and a clean separation of
bitumen from oil sands was unexpectedly achieved. The top
phase consisted of toluene and bitumen. The middle phase
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consisted of 1-butyl-2,3-dimethyl-imidazolium borontetra-
fluoride with small amounts of dissolved and/or suspended
bitumen particles and mineral fines. The bottom phase
consisted of 1-butyl-2,3-dimethyl-imidazolium borontetra-
fluoride with suspended sand and clay. FIG. 9 illustrates the
three-phase system (in the right vial) formed from mixing 50
weight percent 1-butyl-2,3-dimethyl-imidazolium borontet-
rafluoride, 33.3 weight percent toluene and 16.7 weight
percent oil sands.

The top phase was removed using a pipette. The toluene
was evaporated from the top phase. Upon evaporation of the
toluene from the top phase, a residual amount of 1-butyl-2,
3-dimethyl-imidazolium  borontetrafluoride that was
entrained during the separation process remained in the vial
below the bitumen phase. Toluene was added to the vial
containing the 1-butyl-2,3-dimethyl-imidazolium borontet-
rafluoride and bitumen and the resulting toluene/bitumen
phase was decanted. Due to its high viscosity, the 1-butyl-
2,3-dimethyl-imidazolium borontetrafluoride remained at
the bottom of the vial while pouring the toluene/bitumen
phase into a new vial to achieve a clean separation. The
bitumen was recovered after evaporating the toluene. The
recovered bitumen comprised about 12-13 weight percent of
the original oil sands. The 1-butyl-2,3-dimethyl-imidazo-
lium borontetrafluoride in the middle phase was separated
from the sand and clay by adding water to the middle phase
and filtering. The water is easily removed from the ionic
liquid/water solution by evaporation or any other standard
method of liquid-liquid separation.

Example 3

A composition of 50 weight percent of the ionic liquid
1-butyl-2,3-dimethyl-imidazolium  trifluoro-methanesul-
fonate, 33.3 weight percent toluene and 16.7 weight percent
oil sands was mixed at temperatures between 50° C. and 60°
C. A three-phase system was formed and a clean separation
of bitumen from oil sands was unexpectedly achieved. The
top phase consisted of toluene and bitumen. The middle
phase consisted of 1-butyl-2,3-dimethyl-imidazolium trif-
luoro-methanesulfonate with small amounts of dissolved
and/or suspended bitumen particles and mineral fines. The
bottom phase consisted of 1-butyl-2,3-dimethyl-imidazo-
lium trifluoro-methanesulfonate with suspended sand and
clay. FIG. 9 illustrates the three-phase system (in the middle
vial) formed from mixing 50 weight percent of the ionic
liquid 1-butyl-2,3-dimethyl-imidazolium trifluoro-methane-
sulfonate, 33.3 weight percent toluene and 16.7 weight
percent oil sands.

The top phase was removed using a pipette. The toluene
was evaporated from the top phase. Upon evaporation of the
toluene from the top phase, a residual amount of 1-butyl-2,
3-dimethyl-imidazolium trifluoro-methanesulfonate that
was entrained during the separation process remained in the
vial below the bitumen phase. Toluene was added to the vial
containing the 1-butyl-2,3-dimethyl-imidazolium trifluoro-
methanesulfonate and bitumen and the resulting toluene/
bitumen phase was decanted. Due to its high viscosity, the
1-butyl-2,3-dimethyl-imidazolium  trifluoro-methanesul-
fonate remained at the bottom of the vial while pouring the
toluene/bitumen phase into a new vial to achieve a clean
separation. The bitumen was recovered after evaporating the
toluene. The recovered bitumen comprised about 12-13
weight percent of the original oil sands. The 1-butyl-2,3-
dimethyl-imidazolium trifluoro-methanesulfonate in the
middle phase was separated from the sand and clay by
adding water to the middle phase and filtering. The water is
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easily removed from the ionic liquid/water solution by
evaporation or any other standard method of liquid-liquid
separation.

Example 4

A composition of 50 weight percent of the ionic liquid
1-butyl-3-methyl-imidazolium trifluoromethanesulfonate,
33.3 weight percent toluene and 16.7 weight percent oil
sands was mixed at temperatures between 50° C. and 60° C.
A three-phase system was formed and a clean separation of
bitumen from oil sands was unexpectedly achieved. The top
phase consisted of toluene and bitumen. The middle phase
consisted of 1-butyl-3-methyl-imidazolium trifltuorometh-
anesulfonate with small amounts of dissolved and or sus-
pended bitumen particles and mineral fines. The bottom
phase consisted of 1-butyl-3-methyl-imidazolium trifluo-
romethanesulfonate with suspended sand and clay. FIG. 9
illustrates the three-phase system (in the left vial) formed
from mixing 50 weight percent of the ionic liquid 1-butyl-
3-methyl-imidazolium trifluoromethanesulfonate, 33.3
weight percent toluene and 16.7 weight percent oil sands.

The top phase was removed using a pipette. The toluene
was evaporated from the top phase. Upon evaporation of the
toluene from the top phase, a residual amount of 1-butyl-3-
methyl-imidazolium trifluoromethanesulfonate that was
entrained during the separation process remained in the vial
below the bitumen phase. Toluene was added to the vial
containing 1-butyl-3-methyl-imidazolium trifluoromethane-
sulfonate and bitumen and the resulting toluene/bitumen
phase was decanted. Due to its high viscosity, the 1-butyl-
3-methyl-imidazolium trifluoromethanesulfonate remained
at the bottom of the vial while pouring the toluene/bitumen
phase into a new vial to achieve a clean separation. The
bitumen was recovered after evaporating the toluene. The
recovered bitumen comprised about 12-13 weight percent of
the original oil sands. The 1-butyl-3-methyl-imidazolium
trifluoromethanesulfonate in the middle phase was separated
from the sand and clay by adding water to the middle phase
and filtering. The water is easily removed from the ionic
liquid/water solution by evaporation or any other standard
method of liquid-liquid separation.

FIG. 10 illustrates infrared spectra of medium-grade
Canadian oil sands and component parts thereof before and
after separation of bitumen. Upon evaporation of the second
addition of toluene in Examples 2-4, the original oil sands
sample, the recovered bitumen and the separated sand/clay
were analyzed using infrared spectrometry. Bands due to
methylene and methyl groups near 1450 cm™ and 1370
cm™' are prominent in the spectrum of the bitumen, and
appear with very weak intensity in the spectrum of the oil
sands. The mineral bands (predominantly quartz and clay)
near 1100 cm™, 800 cm™ and 500 cm™' absorb very
strongly in the infrared and mask bands due to organic
groups. However, these hydrocarbon absorption modes are
essentially undetectable in the spectrum of the sand/clay
mixture recovered from the bottom phase, even in scale-
expanded spectra. Similarly, the mineral bands are absent
from the spectrum of the bitumen. This is most easily seen
by examining the right hand end of the plots, near 500 cm™.
This demonstrates that the bitumen was separated from the
oil sands without carrying over fine particles, unlike the hot
or warm water processes presently used in the prior art. In
Examples 1-4, a bitumen yield in excess of 90 percent was
achieved.

Example 5

A composition of 50 weight percent of the ionic liquid
1-butyl-2,3-dimethyl-imidazolium borontetrafluoride, 33.3



US 9,447,329 B2

15

weight percent toluene and 16.7 weight percent oil sands
was mixed at a temperatures of 25° C. A three-phase system
was formed and a clean separation of bitumen from oil sands
was unexpectedly achieved. The top phase consisted of
toluene and bitumen. The middle phase consisted of 1-butyl-
2,3-dimethyl-imidazolium borontetrafluoride with small
amounts of dissolved and/or suspended bitumen particles
and mineral fines. The bottom phase consisted of 1-butyl-
2,3-dimethyl-imidazolium borontetrafluoride with sus-
pended sand and clay.

The top phase was removed using a pipette. The toluene
was evaporated from the top phase. Upon evaporation of the
toluene from the top phase, a residual amount of 1-butyl-2,
3-dimethyl-imidazolium  borontetrafluoride that was
entrained during the separation process remained in the vial
below the bitumen phase. Toluene was added to the vial
containing the 1-butyl-2,3-dimethyl-imidazolium borontet-
rafluoride and bitumen and the resulting toluene/bitumen
phase was decanted. Due to its high viscosity, the 1-butyl-
2,3-dimethyl-imidazolium borontetrafluoride remained at
the bottom of the vial while pouring the toluene/bitumen
phase into a new vial to achieve a clean separation. The
bitumen was recovered after evaporating the toluene. The
recovered bitumen comprised about 12-13 weight percent of
the original oil sands. The 1-butyl-2,3-dimethyl-imidazo-
lium borontetrafluoride in the middle phase was separated
from the sand and clay by adding water to the middle phase
and filtering. The water is easily removed from the ionic
liquid/water solution by evaporation or any other standard
method of liquid-liquid separation.

Examples 1-5 involve the separation of bitumen from
medium-grade oil sands. No detectable mineral fines were
recovered with the bitumen in Examples 1-5. Bitumen in
low-grade oil sand feedstock is more difficult to recover free
of mineral fine. The prior art warm water separation pro-
cesses leave a significant amount of mineral fines in the
separated and recovered bitumen, which leads to subsequent
processing problems and reduces the economic viability of
the process. The separation and recovering of bitumen with
the use of the exemplary systems, methods and ionic liquids
herein disclosed left no detectable mineral fines at separation
temperatures below 100° C., preferably below 50° C. and
more preferably at temperatures of 25° C. and lower.

Example 6

Examples 1-5 were also conducted at mixing ratios of 25
weight percent ionic liquid, 50 weight percent organic
solvent and 25 weight percent low-grade oil sands at a
temperature of 25° C. and lower. A three-phase separation of
low grade oil sands and yields of bitumen in excess of 90
percent were unexpectedly achieved.

FIG. 11 illustrates the infrared spectra of low-grade oil
sands and medium-grade oil sands after separation of bitu-
men at 25° C. using the mixing ratio of Example 6. Strong
infrared absorption bands due to minerals near 1000 cm™
cannot be detected in the low-grade oil sands spectra or the
medium-grade oil sands spectra. It was surprisingly found
that low-grade oil sands can be separated to produce bitu-
men free of mineral fines at low temperatures (e.g., 25° C.
and lower) using the systems, methods and ionic liquids
herein disclosed.

In Examples 1-6, a separation of bitumen from both
medium-grade and low-grade oil sands was achieved with-
out the use of water in the primary separation step. Some
water was used in Examples 1-6 to remove ionic liquid from
sand, but as disclosed herein, the water can be separated and
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recycled through the system with substantially no loss. In
some circumstances, the particulate matter including hydro-
carbons and solid particulate is mixed with significant
quantities of water to transport or pump the particulate
matter. For example, in some oil sands mining operations,
water is used to transport the mixture as slurry to a process-
ing plant. With the use of the systems, methods and com-
positions herein disclosed the water does not have to be
removed prior to separation of hydrocarbon from the solid
particulate.

Examples 7-8 are provided to illustrate exemplary meth-
ods for recovering bitumen from low-grade and medium-
grade Canadian oils sands with the use of water in the
primary separation step. The examples are not intended to
limit the scope of the present disclosure and they should not
be so interpreted.

Example 7

A separating composition of 50 weight percent of the
ionic liquid 1-butyl-2,3-dimethyl-imidazolium borontetra-
fluoride and 50 weight percent water was created. 2 grams
of the separating composition and 3 grams of toluene were
mixed respectively with 1 gram of low-grade oil sands and
1 gram of medium-grade oil sands in two separate experi-
ments at a temperature of 25° C. The separating composition
created a three phase system when mixed with low-grade oil
sands and medium-grade oil sands.

FIG. 12 illustrates exemplary three-phase systems formed
from mixing the separating composition of Example 7 and
toluene with low-grade and medium-grade oil sands. The
vial on the left of in FIG. 12 illustrates a three phase system
formed from separating low-grade oil sands and the vial on
the right illustrates a three phase system formed from
separating medium-grade oil sands. The bottom phase 706
of the vials contains a slurry of ionic liquid, water and sand.
The middle phase 704 of the vials contains ionic liquid,
water and small amounts of mineral fines. The top phase 702
of the vials contains a dark organic layer of bitumen dis-
solved in toluene. The top phase of the vials was separated
using a pipette. Toluene was then evaporated from the
bitumen in the top phase in a vacuum oven. A yield of 3.6
percent bitumen was achieved in low-grade oil sands using
the separating composition of Example 7. A yield of 14.6
percent bitumen was achieved in medium-grade oil sands
using the separating composition of Example 7.

Example 8

A separating composition of 25 weight percent of the
ionic liquid 1-butyl-2,3-dimethyl-imidazolium borontetra-
fluoride and 75 weight percent water was created. 2 grams
of the separating composition was mixed with 3 grams of
toluene and 1 gram of low-grade oil sands at a temperature
of 25° C. The separating composition created a three phase
system when mixed with low-grade oil sands. The bottom
phase contained a slurry of ionic liquid, water and sand. The
middle phase contained ionic liquid, water and small
amounts of mineral fines. The top phase contained a dark
organic layer of bitumen dissolved in toluene. The top phase
was separated using a pipette. Toluene was then evaporated
from the bitumen in the top phase in a vacuum oven. A yield
of 5.1 percent bitumen was achieved in low-grade oil sands
using the separating composition of Example 8.

FIG. 13 illustrates the infrared spectra of extracted bitu-
men and residual sand obtained in the separation of low-
grade oil sands using the separating composition of Example
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8. It was surprisingly found that bitumen bands between
2800 cm™! and 3000 cm™" are absent in the spectrum of the
residual materials and mineral bands between 1000 cm™
and 800 cm™ are absent in the spectrum of bitumen.
Therefore, a clean separation of low-grade oil sands with no
residual sand in separated bitumen and no residual bitumen
in separated sand was achieved.

The Canadian oil sands that were separated in Examples
1-8 were unconsolidated samples of oil sands. Utah oil sands
are consolidated rock-like formations that cannot be pro-
cessed directly with the prior art warm water processes
presently used for unconsolidated oil sands. Example 9 is
provided to illustrate the effectiveness of the systems, meth-
ods and compositions herein disclosed in separating con-
solidated Utah oil sands. The example is not intended to
limit the scope of the present disclosure and should not be
so interpreted.

Example 9

A composition of 33.3 weight percent of the ionic liquid
1-butyl-2,3-dimethyl-imidazolium borontetrafluoride, 50.0
weight percent toluene and 16.7 weight percent consolidated
Utah oil sands was mixed at a temperatures of 25° C. A
three-phase system was formed and a clean separation of
bitumen from oil sands was unexpectedly achieved. The top
phase consisted of toluene and bitumen. The middle phase
consisted of 1-butyl-2,3-dimethyl-imidazolium borontetra-
fluoride with small amounts of dissolved and/or suspended
bitumen particles and mineral fines. The bottom phase
consisted of 1-butyl-2,3-dimethyl-imidazolium borontetra-
fluoride with suspended sand and clay. The top phase was
removed using a pipette. The toluene was evaporated from
the top phase. The bitumen was recovered after evaporating
the toluene. A yield of over 90 percent bitumen from the
original sample of oil sands was obtained with no detectable
mineral fines in the bitumen.

Example 10

In this example, the ionic liquid 1-butyl-2,3-dimethyl-
imidazolium borontetrafluoride, and toluene were used to
separate oil from sand in a contaminated sand sample. The
ionic liquid 1-butyl-2,3-dimethyl-imidazolium borontetra-
fluoride, toluene and the contaminated sand sample were
mixed in the proportions 1:2:3 by weight respectively at 25°
C. to achieve three phase separation. Other proportions can
also be used to achieve three phase separation.

FIG. 14 illustrates an exemplary three-phase system
formed from mixing ionic liquid (e.g., 1-butyl-2,3-dimethyl-
imidazolium borontetrafluoride), organic solvent (e.g., tolu-
ene) and contaminated sand according to Example 10. The
top phase 802 contained oil and toluene. The middle phase
804 contained ionic liquid, residual mounts of oil and
mineral fines. The bottom phase 806 contained ionic liquid
and sand.

The three phases are easily separated in the laboratory
using a pipette as described in the previous examples. Any
inadvertent entraining of one phase in another can be
alleviated by washing the phase with water or a non-polar
solvent (e.g., toluene) depending on the phase which
requires purification. The toluene is readily removed from
the top phase through distillation. It is important to note, that
the top phase containing oil and toluene contained no
detectable mineral fines. The ionic liquid in the bottom
phase was removed by washing with water. The sand in the
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bottom phase contained no detectable toluene or oil con-
tamination after the ionic liquid was removed.

Example 11

In this example, ionic liquid 1-butyl-2,3-dimethyl-imida-
zolium borontetrafluoride, and toluene were used to separate
oil from drill cuttings in a contaminated drill cuttings
sample. The ionic liquid 1-butyl-2,3-dimethyl-imidazolium
borontetrafluoride, toluene and the contaminated drill cut-
tings were mixed at 25° C. to achieve three phase separation.
The top phase contained oil and toluene. The middle phase
contained ionic liquid, residual mounts of oil, residual
mineral fines and residual drill cuttings. The bottom phase
contained ionic liquid and drill cuttings.

The three phases are easily separated in the laboratory
using a pipette as described in the previous examples. Any
inadvertent entraining of one phase in another can be
alleviated by washing the phase with water or a non-polar
solvent (e.g., toluene) depending on the phase. The toluene
in the top phase is removed through distillation. The ionic
liquid in the bottom phase was removed by washing with
water.

FIG. 15 illustrates infrared spectra of the original con-
taminated drill cuttings, oil after separation and material
after removal of oil in Example 11. The spectrum of the
original drill cuttings is dominated by silicate (sand) absorp-
tion between 1000 and 1100 cm™. There is also a strong
absorption due to carbonates near 1450 cm™', similar to
what is observed in the spectrum of chalk. Minerals absorb
infrared radiation far more strongly than oil, but only weakly
absorbing modes between 2800 and 3000 cm™" are observed.
An absorption scale-expanded insert, which reveals the
bands due to the oil in the spectrum of the drill cuttings, is
also illustrated in FIG. 15. However, these absorptions are
absent from the spectrum of the residual materials after
removal of oil. Therefore, the residual materials including
drill cuttings are free from oil contamination. It can also be
seen from the spectrum of oil, that the oil was recovered free
of minerals and drill cuttings.

Example 12

In this example, samples in the form of tar balls were
obtained from a beach in the Gulf of Mexico after the
Deepwater Horizon oil spill. Tar ball samples were mixed
with various separation solutions to effect separation. One
exemplary separation solution contained the ionic liquid
1-ethyl-3-methyl-imidazolium chloride, water and toluene.
A comparative separation solution included water and tolu-
ene only. In the experiments where ionic liquid and water
were used in the separation solution, 1-part by weight tar
balls were mixed with 2-parts by weight ethyl-3-methyl-
imidazolium chloride and water and 1-part by weight tolu-
ene. Both separation solutions were mixed with tar balls and
stirred at a temperature of 20° C. The degree of phase
separation strongly depended on the concentration of the
ionic liquid 1-ethyl-3-methyl-imidazolium chloride in the
separation solution.

FIG. 16 illustrates exemplary and comparative multi-
phase systems formed from mixing both separation solutions
with tar balls according to Example 12. The vial on the far
left illustrated in FIG. 16 is a four phase system formed from
mixing tar balls with the comparative separation solution
containing water and toluene. The other three vials illus-
trated in FIG. 16 are multi-phase systems formed from
mixing tar balls with the exemplary separation solution
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containing 25% by weight 1-ethyl-3-methyl-imidazolium
chloride, 50% by weight 1-ethyl-3-methyl-imidazolium
chloride and 75% by weight 1-ethyl-3-methyl-imidazolium
chloride respectively from left to right.

The four phase system (far left vial of FIG. 16) formed
from mixing tar balls with the comparative separation solu-
tion included a top hydrocarbon phase appearing lighter than
the top phase in the other multi-phase systems. The lighter
top hydrocarbon phase is due to suspended sand particles in
the top phase of the far left vial. Similarly the middle water
phase of the far left vial is murky in appearance due to the
presence of sand in the form of fine particles. A thin white
phase of material separating the hydrocarbon phase and
water phase is also present. An infrared spectrum of the thin
white phase showed that the phase contains some proteins
and polysaccharides potentially from seaweed and/or other
biological matter from sea water.

The exemplary four phase system (2" vial from the left
of FIG. 16) formed from mixing tar balls with separation
solution containing 25% by weight 1-ethyl-3-methyl-imida-
zolium chloride produced a better separation. The top hydro-
carbon phase was much darker than the far left vial indi-
cating a higher degree of tar separation. The top
hydrocarbon phase contained a small amount of sand. The
middle phase containing 1-ethyl-3-methyl-imidazolium
chloride and water remained murky due to the presence of
suspended minerals. There remained a thin white layer
containing biopolymers separating the top hydrocarbon
phase from the middle phase containing 1-ethyl-3-methyl-
imidazolium chloride and water.

The exemplary three-phase systems (3" vial from the left
and far right vial of FIG. 16) formed from mixing tar balls
with separation solutions containing 50% and 75% by
weight 1-ethyl-3-methyl-imidazolium chloride produced
even more pronounced phase separation. The middle phase
of ionic liquid and water in the vials were clear and
substantially free of sand. Visual examination of the bottom
sand phase also indicates a more pronounced phase separa-
tion substantially free of tar when separation solutions
containing greater than or equal to 50% by weight 1-ethyl-
3-methyl-imidazolium chloride are used. Furthermore, three
phase systems (e.g., 3’ vial from the left and far right vial
of FIG. 16) formed from mixing tar balls with separation
solutions containing greater than or equal to 50% by weight
1-ethyl-3-methyl-imidazolium chloride no longer contained
a biomaterial phase separating the top hydrocarbon phase
from the middle phase of ionic liquid and water. Infrared
spectroscopy indicated that the bottom sand phase contained
no detectable residual tar and the recovered tar from the top
phase contained only trace amounts of minerals. Therefore,
higher concentrations of ionic liquid are necessary for
sufficient phase separation in Example 12.

FIG. 17 illustrates tar contaminated sand prior to separa-
tion and sand free of tar contamination after separation with
the use an exemplary ionic liquid according to Example 12.
The uncontaminated sand appears clean after separation of
hydrocarbons such as tar when exemplary ionic liquids of
Example 12 are used to effect separation.

Comparative Example 2

In this example, comparative additives and a comparative
separation process was used to separate bitumen from Cana-
dian tar sands. Additive solutions containing 0%, 25%, 50%
and 75% by weight acrylamide/sodium acrylate acid copo-
lymer (hydrolyzed polyacrylamide) in water were prepared.
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2 parts by weight additive solution was mixed with 1 part by
weight toluene and 1 part by weight Canadian tar sands at
room temperature. High molecular weight polymers or
copolymers such as, hydrolyzed polyacrylamide form thick,
viscous gels at high concentrations in solution due to chain
entanglements. As shown in FIG. 18, aqueous solutions of
the polyacrylamide copolymer were no exception.

FIG. 18 illustrates comparative systems formed from
mixing Canadian tar sands with additive solutions and
toluene according to Comparative Example 2. Additive
solutions containing 0%, 25%, 50% and 75% by weight
acrylamide/sodium acrylate acid copolymer (hydrolyzed
polyacrylamide) in water were used in the vials in FIG. 18
from left to right respectively. Unlike the results obtained
with ionic liquids, segregation into easily separated phases
did not occur at any concentration. Polyacrylamide copoly-
mers did not result in the type of facile phase separations
observed with ionic liquids.

Comparative Example 3

In this example, a comparative additives and a compara-
tive separation process was used to separation bitumen from
Canadian tar sands. Additive solutions containing 0%, 25%,
50% and 75% by weight polyacrylic acid in water were
prepared. 2 parts by weight additive solution was mixed with
1 part by weight toluene and 1 part by weight Canadian tar
sands at room temperature.

FIG. 19 illustrates comparative systems formed from
mixing Canadian tar sands with additive solutions and
toluene according to Comparative Example 3. Additive
solutions containing 0%, 25%, 50% and 75% by weight
polyacrylic acid in water were used in the vials in FIG. 19
from left to right respectively. Conglomerations of polymer
gel were observed on the sides of the vials. Unlike the results
obtained with ionic liquids, segregation into easily separated
phases did not occur at any concentration.

Comparative Example 4

In this example, a comparative additive and separation
process was used to separation bitumen from Canadian tar
sands. An additive solution containing 75% by weight citric
acid in water was prepared. 2 parts by weight additive
solution was mixed with 1 part by weight toluene and 1 part
by weight Canadian tar sands at room temperature.

FIG. 20 illustrates a comparative system formed from
mixing Canadian tar sands with the additive solution and
toluene according to Comparative Example 3. The vial on
the left shown in FIG. 20 illustrates the additive solution
containing 75% by weight citric acid in water. Concentrated
aqueous solutions of low molecular weight additives such as
citric acid do not gel in the same way as polymers, but at
high concentrations citric acid does not completely dissolve
in water. The vial on the right in FIG. 20 illustrates the
system formed from mixing 2 parts by weight additive
solution (containing 75% by weight citric acid in water) with
1 part by weight toluene and 1 part by weight Canadian tar
sands at room temperature. High concentrations of citric
acid (greater than or equal to 25% by weight in water) did
not result in the type of facile separations observed with the
use of concentrated ionic liquid solutions.

At low concentrations (parts per million), citric acid,
polyacrylamide and other additives disclosed herein aid
separation by sequestering ions present in tar sands that act
to attach mineral fines to bitumen. The surprising phase
separations observed when using concentrated ionic liquid
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separation solutions disclosed herein is facilitated by a
significant reduction in adhesion between silica (sand) or
other mineral particles and the hydrocarbon to be separated.

Example 13

In this example, an analogue ionic liquid of choline
chloride and urea was prepared by mixing urea and choline
chloride in the weight ratio of 1.2 to 1.4 respectively (2:1
molar ratio). This mixture of powders was placed in a vial
and heated to about 80° C. whereupon a liquid was formed.
Upon cooling to room temperature, the mixture remained a
liquid but was very viscous. The liquid (1 part by weight)
was mixed with Canadian tar sands (1 part by weight) and
toluene (1 part by weight) and stirred in a laboratory vial at
room temperature. Although a degree of phase separation
occurred after a few minutes, with a top hydrocarbon phase
present in the vial, a separation into easily distinguishable
phases was not achieved under these conditions.

FIG. 21 illustrates an exemplary multi-phase system
formed from mixing Canadian tar sands with an exemplary
analogue ionic liquid according to Example 13. As shown in
the right vial in FIG. 21, the vial appears almost uniformly
black due to the viscous nature of the analogue ionic liquid.
The high viscosity hindered separation under the action of
density differences and gravity alone. A separation was
achieved after centrifugation. Alternatively, when a mixture
of the exemplary analogue ionic liquid of Example 13 was
diluted with water (1:1 by weight) to lower the viscosity of
the mixture, a separation into three phases was achieved
shown in the left vial of FIG. 21. This result was surprising,
because as demonstrated in Comparative Example 2, con-
centrated solutions of other common salts or materials used
in current extraction processes do not result in a separation.

Example 14

In this example, an analogue ionic liquid of choline
chloride and urea was prepared by mixing urea and choline
chloride in the weight ratio of 1.2 to 1.4 (2:1 molar ratio) and
diluting with 0.33 parts by weight water. The analogue ionic
liquid and water were mixed with 1 part by weight Canadian
tar sands and 1 part by weight toluene. The mixture was
stirred for about 1 minute and left to stand for 15 minutes.

FIG. 22 illustrates an exemplary multi-phase system
formed from mixing Canadian tar sands with an exemplary
analogue ionic liquid according to Example 14. A partial
separation into three phases was achieved under the action
of density differences and gravity alone. To speed the
process, the top phase and about half of the middle (cloudy)
phase was decanted and placed in one centrifuge tube. The
bottom mineral phase together with the other half of the
middle phase was placed in a second centrifuge tube. The
liquids were centrifuged for 15 minutes at 3000 rpm.

FIG. 23 illustrates exemplary three phase systems formed
from centrifuging components of the exemplary multi-phase
system shown in FIG. 22. Centrifugation of top phase with
15 middle phase (left vial) and the bottom phase with 12
middle phase (right vial) resulted in a pronounced three
phase separation having a top hydrocarbon phase, a middle
analogue ionic liquid with water phase and a bottom mineral
phase shown in FIG. 23. The hydrocarbon phase was
removed using a pipette and a film was cast for infrared
analysis. The mineral phase was washed with water to
remove any entrained analogue ionic liquid and a small
amount of the dried sample was also analyzed by infrared
spectroscopy.
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FIG. 24 illustrates infra red spectra of the top hydrocarbon
phase and the bottom mineral phase of the exemplary
three-phase systems shown in FIG. 23. The spectrum of the
top hydrocarbon phase displays characteristic strong absorp-
tion bands between 2800 and 3000 cm™. These absorptions
are absent in the spectrum of the bottom mineral phase,
indicating that within the detection limits of infrared spec-
troscopy, essentially all of the bitumen has been removed
from the sand. Similarly, the strong bands due to silica
observed near 1100 cm™, 800 cm™* and 500 cm™ are absent
in the spectrum of the top hydrocarbon phase, indicating that
within the detection limits of infrared spectroscopy, the
recovered bitumen was not contaminated with fine sand
particles. Weak bands near 1030 cm™' indicate that only
trace amounts of fine clay particles are present in the top
hydrocarbon phase. The ash content of this sample was
determined to be 0.3% by weight.

Example 15

In this example, water used in prior art warm water
processes and stored in tailing ponds is processed with the
systems, methods and compositions disclosed herein. The
warm water extraction process presently used to separate
bitumen from tar sands in Canada generates large amounts
of waste process water mixed with hydrocarbons, extracted
sand and minerals. It is presently stored in vast tailing ponds.
The water in these ponds is contaminated with residual
hydrocarbons (e.g., bitumen) and the chemicals used in
processing. It is toxic to aquatic life and has resulted in the
death of a large number of ducks. Coarse sand quickly sinks
to the bottom of these ponds, while water and some residual
bitumen remains on the surface of the pond. A layer of fluid
fine tailings and about 6% bitumen contamination sits in
between these two layers where water is trapped in a thick
soup of mineral fines (mainly clays). Ionic liquids and
analogue ionic liquids herein disclosed can also be used to
extract hydrocarbons such as, bitumen from tailing ponds
material resulting in a flocculation or fast settling of mineral
fines.

FIG. 25 illustrates tailing pond material before and after
separation with the use of an exemplary ionic liquid. The far
left container in FIG. 25 illustrates a dilute but cloudy
suspension of mineral fines and settled solids obtained from
the top liquid layer in a drum of tailing pond liquids. The
containers on the right of FIG. 25 illustrate the top liquid
layer before (middle container) and after (far right container)
addition of the ionic liquid 1-ethyl-3-methyl-imidazolium
chloride. The ionic liquid 1-ethyl-3-methyl-imidazolium
chloride was added as a solid to obtain a concentration of
50% by weight in the top liquid layer (other concentrations
are also effective). Upon stirring, the suspension became
clear in seconds. The liquid turned yellow due to the yellow
color and lower purity (95%) of the ionic liquid used.
Agglomerated or flocculated mineral particles could be
observed at the bottom of the far right container shown in
FIG. 25 Mineral fines in tailing ponds can take years to
settle. Therefore, it was surprising to achieve settling so
rapidly with the use of exemplary ionic liquids.

Example 16

In this example, tailing pond material was processed with
the use of exemplary analogue ionic liquids. Analogue ionic
liquids herein disclosed can also be used to extract hydro-
carbons (e.g., bitumen) from tailing pond material resulting
in a flocculation or fast settling of mineral fines. A dilute but



US 9,447,329 B2

23

cloudy suspension of mineral fines and settled solids
obtained from the top liquid layer in a drum of tailing pond
liquids was used as particulate matter in this example. An
analogue ionic liquid of choline chloride and urea combined
in the proportions 1.4 to 1.2 by weight was mixed with the
tailing pond material to produce a concentration of 50% by
weight analogue ionic liquid in the tailing pond material.
Separately, another exemplary analogue ionic liquid was
formed by mixing choline chloride and tailing pond material
at a concentration of 80% by weight choline chloride in 20%
by weight water.

FIG. 26 illustrates tailing pond material before and after
separation with the use of exemplary analogue ionic liquids.
The far left container of FIG. 26 illustrates a dilute but
cloudy suspension of mineral fines and settled solids
obtained from the top liquid layer in a drum of tailing pond
liquids. The middle container of FIG. 26 illustrates the
tailing pond material after mixing with the analogue ionic
liquid according to Example 16. The far right container of
FIG. 26 illustrates a tailing pond suspension after addition of
sufficient analogue ionic liquid to bring the concentration of
analogue ionic liquid to 80% by weight in tailing pond
material.

All containers of FIG. 26 were stirred to dissolve the
analogue ionic liquid. After being left to stand overnight for
about 16 hours, the liquid layers in the containers of FIG. 26
appeared clear. The tailing pond material in the far left
container of FIG. 26 containing no analogue ionic liquid was
also left to settle for the same amount of time as the middle
and far right containers. The agglomerated and flocculated
mineral particles can be observed at the bottom of the middle
and far right container of FIG. 26.

Example 17

In this example, concentrated tailing pond material is
processed with the use of an exemplary analogue ionic
liquid. FIG. 27 illustrates concentrated tailing pond material
before and after separation with the use of an exemplary
analogue ionic liquid. The far right container of FIG. 27
illustrates a 30% by weight suspension of mineral solids in
tailing pond liquids. A analogue ionic liquid of 50% by
weight choline chloride and urea in water was produced. The
analogue ionic liquid and an organic solvent were mixed
with the concentrated tailing pond material for about 1
minute and centrifuged at 800 rpm. As show in the middle
container of FIG. 27, a sharp phase separation was achieved
and a top hydrocarbon phase and a bottom mineral phase
were formed. The bottom mineral phase was dried and
organic solvent was removed from the top hydrocarbon
phase to produce a sample of bitumen and sand in the right
containers of FIG. 27. Similar results were obtained using
imidazolium ionic liquids such as 1-ethyl-3-methyl-imida-
zolium chloride.

Example 18

In this example, tailing pond material and Canadian tar
sands were processed with the use of an exemplary analogue
ionic liquid. An analogue ionic liquid was produced by
mixing 75% by weight choline chloride and urea in water at
a proportion of 1.4 parts by weight choline chloride and 1.2
parts by weight urea. 1 part by weight Canadian tar sands
was mixed with the analogue ionic liquid, 2 parts by weight
tailing pond material and 1 part by weight toluene. After
stirring for a few minutes at ambient temperatures (about
20° C.), vials containing these samples were allowed to
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stand. Phase separation occurred over a period of about one
hour due to the immiscibilty and density differences of the
hydrocarbon and analogue ionic liquid phases.

FIG. 28 illustrates an exemplary three phase system
formed from mixing an exemplary analogue ionic liquid
with Canadian tar sands and tailing pond material according
to Example 18. The phase-separated layers are shown in
FIG. 28, which illustrates a top bitumen phase a middle
phase containing analogue ionic liquid and water and a
bottom sand phase. The bottom sand phase contained no
detectable bitumen, and the top bitumen phase showed only
trace amounts of clays, as determined by infrared spectros-
copy. The intensities of the clay bands were equivalent to
those bitumen samples having an ash content of 0.3% by
weight.

Example 19

In this example, Canadian tar sands was processed using
an exemplary analogue ionic liquid. The analogue ionic
liquid was produced by mixing 80% by weight choline
chloride with 20% by weight water. 1 part by weight
Canadian tar sands was mixed with 1 part by weight
analogue ionic liquid in water and 1 part by weight toluene
and stirred in a container at room temperature. The mixture
was allowed to stand for 1 hour. Upon centrifugation at 3000
rpm for 15 minutes, a phase separation into three distinct
phases occurred.

FIG. 29 illustrates an exemplary three phase system
formed from mixing an exemplary analogue ionic liquid
with Canadian tar sands according to Example 19. A sepa-
ration into three phases was achieved. The top hydrocarbon
phase consisted of a solution of bitumen in toluene, with
trace amounts of clays. The bottom mineral phase contained
detectable but small amounts of bitumen. The middle phase
consisted of analogue ionic liquid in water.

FIG. 30 illustrates an exemplary system for recovering
hydrocarbons from particulate matter with the use of the
exemplary ionic liquids or analogue ionic liquids according
to one embodiment. The ionic liquids and analogue ionic
liquids herein disclosed can be used in the system illustrated
in FIG. 30 to separate hydrocarbons from particulate matter
including but not limited to oil sands, drilling fluid contain-
ing drill cuttings, tailing pond material, crude oil containing
sand, beach sand contaminated with oil, oil sludge, any
hydrocarbon containing sand, soil, rock, silt, clay or other
solid particulate or any hydrocarbon contained within sand,
soil, rock, silt, clay or other solid particulate.

The system includes a mixing vessel 902 wherein a feed
stream 900 of particulate matter, ionic liquid or analogue
ionic liquid and optionally an organic solvent, water or
combinations thereof are fed and mixed. The feed stream
900 can also be split into one or more streams containing one
or more streams of particulate matter, ionic liquid, analogue
ionic liquid, organic solvent, water or combinations thereof.

The feed stream remains in the mixing vessel 902 for a
predetermined or average residence time sufficient to allow
phase separation and break up of larger mineral/hydrocarbon
particles (e.g., tar sand balls). The separation is accelerated
by the application of shear forces. Therefore, the feed stream
can be placed in slurry form and also fed through a high-
shear mixer 904 to assure detachment of hydrocarbons from
sand or other minerals.

An inclined plate separator 906 can be used to separate
ionic liquid, analogue ionic liquid, liquid hydrocarbons or
organic solvent from solid particulate such as silica, sand,
clay, other minerals or drill cuttings. The separator 906 can
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be a centrifuge, hydrocyclone, settling chamber or other
separator known in the art for separating particulates from
liquids. A solid particulate product stream 912 can be
provided to recover solid particulate free of hydrocarbons
generated in the inclined plate separator 906. The solid
particulate can be washed with water to remove any ionic
liquid, analogue ionic liquid or organic solvent used during
processing. However, because small amounts of analogue
ionic liquid herein disclosed are non-toxic, biodegradable
and actually support plant growth, washing is optionally
when using analogue ionic liquid.

A liquid phase separator 908 can be used to separate
immiscible process liquids. For example, the liquid phase
separator can be used to separate ionic liquid or analogue
ionic liquid from the oil or bitumen or organic hydrocarbon
solvent. The liquid phase separator 908 can be a continuous
coalescing separator or other unit known to the art for
separating liquids. The liquid phase separator 908 can simul-
taneously allow the separation of any fines that have carried
over from other process streams or units. The liquid phase
separator 908 can operate at room temperature (e.g., about
20° C.). If necessary, higher temperatures can be used during
separation. A mineral fines product stream 914 can be
provided to recover any mineral fines generated in the liquid
phase separator 908. A hydrocarbon product stream 910 can
be provided to recover hydrocarbons free of solid particulate
generated in the liquid phase separator 908.

Any ionic liquid or analogue ionic liquid recovered from
the liquid phase separator 908 can be recycled in a recycle
stream 916 and mixed with additional feed stream 900
components in the mixing vessel 902.

Example embodiments have been described hereinabove
regarding improved systems, methods and compositions for
the separation and recovery of hydrocarbons from particu-
late matter. The systems, methods and compositions herein
disclosed require significantly less water and less energy to
recover hydrocarbons in processes such as the recovery of
bitumen from oil sands. Various modifications to and depar-
tures from the disclosed example embodiments will occur to
those having ordinary skill in the art. The subject matter that
is intended to be within the spirit of this disclosure is set
forth in the following claims.

What is claimed is:

1. A method of separating a hydrocarbon from particulate
matter, the method comprising:

preparing a mixture of an ionic liquid and particulate

matter containing a hydrocarbon;

subjecting the mixture to electromagnetic heating; and

separating the hydrocarbon from the particulate matter,

wherein the ionic liquid separates at least 90% of the
hydrocarbon from the particulate matter.

2. The method of claim 1, wherein the particulate matter
includes rock containing hydrocarbon.
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3. The method of claim 1, subjecting the mixture to
microwave heating as the electromagnetic heating.

4. The method of claim 1, further comprising recycling
the ionic liquid to mix the ionic liquid with additional
particulate matter.

5. A method of separating a hydrocarbon from particulate
matter, the method comprising:

mixing particulate matter containing a hydrocarbon with

an ionic liquid comprising a tetraalkyl ammonium salt;
subjecting the mixture to electromagnetic heating; and
separating the hydrocarbon from the particulate matter.

6. The method of claim 5 further comprising mixing an
organic solvent with the particulate matter and the ionic
liquid.

7. The method of claim 5, wherein the ionic liquid
includes 2-hydroxyethyl(trimethyl) ammonium chloride
(choline chloride) as the tetraalkyl ammonium salt.

8. The method of claim 5, wherein the mixture is sub-
jected to electromagnetic heating to heat the mixture to a
temperature below 100° C.

9. The method of claim 5, wherein the mixture is sub-
jected to electromagnetic heating to heat the mixture to a
temperature less than or equal to 50° C.

10. The method of claim 5, wherein the ionic liquid
separates at least 90% of the hydrocarbon from the particu-
late matter.

11. A method of separating a hydrocarbon from particu-
late matter, the method comprising:

mixing particulate matter containing a hydrocarbon with

an ionic liquid comprising a tetraalkyl ammonium salt,
wherein the particulate matter includes bitumen as the
hydrocarbon;

subjecting the mixture to electromagnetic heating; and

separating the bitumen from the particulate matter.

12. The method of claim 11, wherein the ionic liquid
includes 2-hydroxyethyl(trimethyl) ammonium chloride
(choline chloride).

13. The method of claim 12, wherein mixing the particu-
late matter comprises mixing the particulate matter with a
composition including the ionic liquid and at least one
organic solvent.

14. The method of claim 11, wherein mixing the particu-
late matter comprises mixing the particulate matter with a
composition including the ionic liquid and at least one
organic solvent.

15. The method of claim 11, wherein the mixture is
subjected to electromagnetic heating to heat the mixture to
a temperature less than or equal to 50 ° C.

16. The method of claim 11, wherein the ionic liquid
separates at least 90% of the bitumen, oil or drilling fluid
from the particulate matter.
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